Correspondence should be addressed to Yury Barabanshchikov; barabanshchikov.yury.47@mail.ru The research object of the paper is cement paste with the particulate reinforcement of basalt fiber. Regardless of fibers' length at the same fiber cement mix workability and cement consumption equality compressive solidity of the specimens is reduced with increasing fiber content. This is due to the necessity to increase the water-cement ratio to obtain a given workability. The flexural stability of the specimens with increasing fiber content increments in the same conditions. There is an optimum value of the fibers' dosage. That is why stability has a maximum when crooking. The basaltic fiber particulate reinforcement usage can abruptly increase the cement paste level limiting extensibility, which is extremely important in terms of crack resistance.
Introduction
Industrial application of fiber reinforced cement composites is one of the concrete industry and research activity important issues [1] . Nowadays, much attention is paid to the powder concretes with special properties [2] [3] [4] [5] [6] . Coarse aggregate absence in such concretes does not require long fibers use and thus creates the prerequisites for obtaining high-tech fiber-concrete mixtures [7] . fhere are many types of the fiber with different materials and geometric properties. Basalt fiber differs from the steel fiber by less weight and much less thermal conduction. They are differed from asbestos fibers by environmental safety. Basalt fiber is cheaper than glass fiber, because it does not require the fabrication of raw materials multicomponent blend and has a large database in the form of common rocks solids [8] . Basalt fiber can successfully compete with synthetic fibers, giving to the concrete improved crack resistance, stability, and stiffness [9] . Concrete stability increase is connected not only with reinforcing effect, but also with high cohesion of cement stone and basalt fiber that is a positive difference from the other types of fibers [10] . The fact that chopped basalt fiber in concrete can delay the early stability of concrete is demonstrated in the current work [11] . In this context, the compressive strength reached a peak value with 0.1% (by volume) fiber dosage. Current work results point out that the highest flexural and compressive flexibility of reactive powder concrete (RPC) can be obtained when the fiber content is 3 kg/m 3 , which also constitutes about 0.1% by volume [12] . Basalt fiber replenishment significantly improves the tensile strength and flexural strength, whereas the compressive strength shows no obvious increase. The fiber length increase from 12 to 22 mm has led to an increase in tensile stability and bending only fractions of a percent [13] . Inclusion of basalt fiber in concrete resulted in decreasing of the compressive strength [14] . However, test results showed that an improved bending strength, fracture energy, and abrasion resistance can be obtained by using basalt fiber even at low contents. Chopped basalt fibers increase the flexural strength while the steel and polyvinyl alcohol fibers show losses in the results per mixes [15] . All types of fiber impregnation caused an increase in water demand to achieve the required workability and a small reduction (10 to 15%) in compressive strength. When the concrete contains basalt fiber, the compression strength of it is unstable, the tensile strength increases with fiber content, and durability and impact resistance increase considerably [16] . Also basalt fiber has little effect on compressive strength of the fiber reinforced concrete but significantly increases its toughness [17] . The difference of ultimate strength and strain between basalt-fibers-specimens and glass-fibers-specimens is insignificant based on maximum and mean values at 1 or 7 days. For glass-fibers-specimens, the averaged 28-day ultimate strain is 8-9% lower than those 7-day ones possibly due to rapid setting cement use and slightly decreasing pullout behavior. In basalt-fibers-specimens, the higher drops in averaged ultimate strengths (15%) and strains (27%) are noted at 28 days [18] .
The purpose of this work is studying the influence of particulate reinforcement of basaltic fiber for solidity and deformability of fiber reinforced cement composite depending on the fiber length and its dosage.
Specimens Making
The following are used for the making of specimens: Portland cement CEM I 42.5R production of JSC "Mordovcement" and two types of the basalt fiber with identical diameter 16 mcm and different length of 12.7 mm (1B) and 24.5 mm (2B).
Traditional technique with stirring paddle mixer was used to get the fiber reinforced cement mix. Fiber (1B) was injected into the prepared mixture during mixing. Fiber (2B) was added to the dry mixture, mixed, and injected with water. Fiber cement mixtures with equal mobility were selected to make these tests happen. In addition to this, specimens with the sizes of 40 × 40 × 160 mm which had been stored under normal conditions and tested for bend and compression were prepared.
The details of the mix proportions are provided in Table 1 . Table 1 shows that the water-cement ratio in tested compositions of fiber cement increases with the rising of the fiber content. This is due to the necessity of increasing the water-cement ratio to obtain a given workability as a fiber increases the level of water demand of the mixture. Curve "fiber content versus water content" is shown in Figure 1 . Therefore, the test results are dependent both on two factors: fiber content and water-cement ratio.
The Results of Testing Fiber Cement Specimens
Results of flexural strength and compressive strength from compositions of fiber reinforced cement are shown in Figure 2 and presented in graphs. Flexural and compressive strength of specimens with length of fibers 12.7 mm depend on two factors: fiber's content by volume and water to cement ratio (w/c). Graphs in Figure 2 show how content of the fibers and water to cement ratio (w/c) influence differently the flexural strength and compressive strength. It has become a common knowledge that the concrete compressive strength reduced with the water towards cement ratio usual growth w/c. Flexural strength was incremented with water to cement ratio (w/c). However, in our case, with the increase of water to cement ratio (w/c) fiber reinforced cement flexural stability did not fall but even increased.
Obviously, the content of reinforcing fibers is the main factor influencing the flexural strength. Fibers have high tensile strength and overlap of the strength reduction caused by increasing of the water to cement ratio (w/c). If proportion of fibers rise up to 2.29% (by volume) flexural strength of specimens firstly increases and then slowly decreases. Increasing the amount of fiber content leads to a rising surface area of jamming with the concrete. Also, a large number of reinforcing fibers prevent the action of the bending force.
Basalt fibers are not subject to an alkaline resistance in the process of maturing of composite. This reinforcing filling does not absorb ions Ca 2+ in the hydration and hydrolysis reactions. Therefore, basalt fiber retains the initial strength in the hardened state of concrete.
Simultaneously, reducing the compressive strength gives a regular dependence on the water to cement ratio (w/c). It is quite clear that the flexible fibers are not able to perceive the compressive forces and do not affect the compressive strength. The ratio of the compressive strength to flexural strength in bending for optimal composition 1B-4 equals b / bt = 1.7 for the 7-day fiber cement and 2.2 for 28-day fiber reinforced cement. In the absence of fiber (control composition of specimens 1B-1), the ratio is 11.5, which corresponds to the normal values for concrete being 10-20. Figure 3 demonstrates the graphs of fiber reinforced cement on flexural and compressive strength from content of reinforcing fibers 1B. Strength of specimens with length of fibers 24.5 mm depends on two factors: fiber's content by volume and water to cement ratio (w/c). These factors compete against themselves. Content of reinforcing fibers is dominating factor affecting the flexural strength. Watercement ratio is dominating factor affecting the compressive strength. Flexural strength increases with incrementing of fiber content. However, unlike the previous occasion, value compressive strength did not amount to maximum. Compressive strength is reduced accordingly with rising the watercement ratio (W/C), but it does not depend on increasing content of the fibers. The ratio of the compressive strength to flexural strength in bending for fiber reinforced cement with the highest fiber content equals b / bt = 1.5 for the 7-day fiber cement and 1.6 for 28-day fiber reinforced cement. This relation equals 13.1 in the absence of fiber (check composition 2B-5). This rate to the normal values for concrete is 10-20.
Comparison of the flexural strength and the compressive strength of fiber reinforced cement on the fiber types 1B and 2B discloses that flexural strength rises on 17-30% on an average during increasing length of the fibers. But this factor does not influence compressive strength.
The results of dependence of deformation properties mechanical strength of specimens with the sizes of 40 × 40 × 160 mm on length of basalt fiber are shown in Figures 4 and 5 . Deformation during the loading was measured by using the strain-gauge, which is glued to the surface of the face of the sample.
These results describe the crack resistance of concrete. From this standpoint, evaluate the limit extensibility of the concrete which is the maximum value to the relative flexural strain up to disruption continuity of composite. Flexural strain of fiber cement and deformation properties of compositions 1B-fibers are shown in Figure 4 . Strain (mm/m)
Flexural strength (MPa) Figure 4 : Curves "flexural strength-strain" of 1B-specimens.
Maximal value of flexural strain of 3.8 mm/m amounts to the composition 1B-3 at content of the fibers, which equals 1.6%. Composition 1B-4 has the largest flexural strength that conforms 2.3% of reinforcing filling. This maximal value is 2.93 mm/m, but it is below that in the previous case. The remaining compositions of decreasing order of maximal values of flexural strain are located according to the decrease content of fibers. Control composition 1B-1 showed the minimal value of the flexural capacity, 0.25 mm/m. So, enlargement of reinforcing fibers condition increases maximum tensile strain up to fracture. However, there is an optimum value content of the fiber, which gives the maximal magnitude of flexural strain. In our case, this content of 1B-fibers is 1.6%.
Results of flexural strain for 2B-specimens as curves "flexural strength-strain" are shown in Figure 5 .
Comparison of curves in Figures 4 and 5 demonstrates that compositions 2B have flexural strength-strain more than compositions 1B. The cause of this is increasing length of fibers and rising length of its anchoring in cement paste. After the appearance of cracks in specimens from the load, fibers start to perceive bending loads. Some fibers are torn but some pulled out. This can be explained as more strain capacity in 2B-specimens with the highest of fiber length than 1B-specimens. In both cases, increasing of the fiber content in the fiber reinforced cement mixture leads to an increment of bending strength and compressive strength, but there is a maximum of these properties after which the reduction of indicators in the fiber increasing dosage begins. This maximum value was obtained on a short fiber with its content of about 1.6%. This value is optimal tensile strength and flexural strain. In the case of 2B-fibers optimal content was not obtained. Probably it is above the values used in the experiments of dosage of basalt fiber.
Conclusion
Regardless of the fibers' length at the same mobility of concrete and cement consumption equality the strength of concrete in compression decreases with increase in fiber content, which is associated with the necessity of increasing of the water-cement ratio to obtain the given mobility.
Under the same conditions, a flexural strength of concrete with fiber content enlargement rises to a certain value corresponding to the optimal content of the fiber, and the flexural strength decreases equally with a further fibers amount increase. The fibers length growth also has a positive effect on the flexural strength. The optimum content of the reinforcing fibers depends on their length, as well as the composition of the concrete.
The dominant factor influencing the flexural strength of the reinforcing fiber content is providing a high tensile strength and a decrease in strength of equitant caused by increasing of the water to the cement ratio (w/c). The dominant factor influencing the compressive strength is water to cement ratio (w/c) because the flexible fibers are not able to take compressive loads.
The basaltic fiber particulate reinforcement usage can dramatically increase the cement paste stretch level, which is extremely important in terms of crack resistance. Together with the fiber length growth, concrete fiber tensibility limit rises. The fiber content in the fiber cement mixture extension leads to the tensile strain gain, but there is a limit of tensibility over which these indicators jointly with the fiber dosage swelling start to decline. This maximum was obtained at the fiber with length of 12.7 mm at its content being about 1.6%. This value is optimal flexural strength and strain.
